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Abstract
The Centre for Efficient and Renewable Energy in Buildings (CEREB) is a unique, teaching, research and demonstration resource for the built environment. It is located at London South Bank University (LSBU) and showcases different renewable and low carbon energy solutions for which performance data is captured for teaching and research.
The technologies included are Ground Source Heat Pump (GSHP) for providing heating and cooling to the 8,500 m2 K2 building which is located below CEREB. The solar thermal collectors are used to provide the hot water demand of the K2 building, with back-up boilers to supplement the required heat on cloudy days. The centre itself has additional technologies including solar fibre optic lighting, solar Photovoltaic (PV) panels, solar thermal tubes (evacuated tubes), phase change materials, absorption chiller for cooling, and a weather station, which is crucial for understanding the performance of the various technologies at different times of the year and different weather conditions. 
This paper consists of two parts; the first part presents a brief description of CEREB and the K2 building including the concept behind the design, sustainability measures and key features followed by a description of the technologies used in the building and in the centre.
The second part presents lessons learned from the design, construction and running the building over the last 5 years with results from the solar thermal panels and PV Panels.  







The legal framework for action on climate change in the UK is provided by the Climate Change Act 2008. The Act sets targets for a reduction in UK Green House Gas (GHG) emissions of at least 80% by 2050, and at least 34% by 2020 with both targets set against the 1990 baseline [1]. It also sets a system of five-yearly carbon budgets that ensure the UK remains on track in reducing emissions. Meeting the first three carbon budgets, which were set in 2009 and run from 2008 to 2022, requires action across all sectors, including the building sector.  As a result, various planning regulations, financial incentives and building regulations in the UK are all driving the building sector towards more low carbon and renewable technologies. There are also privately driven benchmarking schemes such as BREEAM, which classifies the building performance from the design stages to implementation. This is further to the Energy Performance Certificate which is mandatory for all buildings covered by the Regulations.
It is therefore important for energy efficiency as well as renewable energy to be considered in each new development in the UK and as the demand increases it is vital that academic and practical performance knowledge of all low carbon and renewable technologies are 

2.0 Description of The Facilities












Figure 1. the K2 building at LSBU with CEREB 
The K2 building is 8500 m2 educational building comprising of two wings; southern wing with five floors and northern wing with eight floors and a central atrium that rises to the fourth floor level. Most of the building’s services are located in the plant room on the eighth floor however some of the plant is on the ground floor. The building consists mainly of offices and laboratories, and some teaching space. The facility is used by the School of Health and Social Care and the School of Arts and Human Sciences. The building was designed with design carbon emissions of 55 % lower than the prevailing UK building regulations.
CEREB is located next to the plant room on the eighth floor of the K2 building. It includes a range of features to reduce carbon emissions including technologies such as solar thermal cooling, phase change materials with night time ventilation, solar fibre-optic lighting, solar photovoltaics and GSHPs for heating and cooling the K2 building.
3.0 Sustainability Measures
The sustainability of the K2 building was assessed against the Building Research Establishment’s (BRE) Environmental Assessment Methods, BREEAM Bespoke assessment 2006 and LSBU commissioned AECOM to carry out an assessment of the K2 building at Design Stage and at Post Construction stage. The Design and Procurement stage was designed to achieve a score of 47.51% which translates into a BREEAM rating of GOOD however LSBU took the opportunity to incorporate additional sustainability measures to increase the score to 55.92% to achieve a BREEAM rating of VERY GOOD at Post Construction review stage. Some of the sustainable measures included within the K2 are;
	Energy efficient measures and technologies, and low and zero carbon technologies resulted in reducing the carbon footprint of the building to 13.1kgCO2/m2 as built achieving 78% of the Energy credits.
	K2 was also able to take advantage of its central London location with good access to amenities and public transport enabling the development in achieving 75% of the Transport credits. 
	Overall the K2 building has been designed to perform 55% better than Building Regulation Part L 2006 and has 11% of its energy contribution from low and zero carbon technologies.  Hence meeting the London Plan targets at the time. 
	The walls of the centre are a sustainably sourced timber frame structure with sheep's wool insulation. This is protected by a rain screens made of recycled materials. This is in line with LSBU’s whole approach to sustainability and CEREB is seen as a focal point for the sustainability approach of LSBU. 

4.0 Description of the Technologies
The following sections provide a description of some of the technologies implemented in the K2 building and CEREB.


4. 1 	Ground Source Heat Pump (GSHP)











Figure 2. GSHP and view of one of the thermal piles.
4.2	 Solar Thermal Array
The solar thermal array was sized to cater for the majority of the hot water demand of the K2 building, with back-up boilers to supplement the required heat on cloudy days.  The solar thermal installation is located on the flat roof of CEREB above the K2 building and consists of 19 Riomay, DF120 solar collectors containing 6 direct flow evacuated tubes each. The evacuated tubes have been rotated to allow a receptor incline of 30° with the horizontal and are orientated in the south easterly direction. Each solar collector has a gross area of 2.498m² and a net absorber area of 1.715m². This gives a gross system absorber area of 47.46m² and a total net absorber area of 32.59m².
The system uses a dedicated closed loop to transfer a solution of water containing 40% mix of propylene glycol between the solar collector and solar thermal stores. The solar array serves three single coil thermal hot water storage vessels (1000, 1500 & 1500 litres) located in the plant room. 
4.3	CEREB’s PV Farm
A "farm" of 48 Sharp PV Solar Panels (63 m2) with a total capacity of 8.4 kWp has been installed on the roof of CEREB. The panels are incorporated in five differently orientated PV arrays on the roof of CEREB, see figure 5, and feed into the K2 building's electricity supply via inverters. Another PV test bed has also been installed on the roof of CEREB to allow the comparison of different types of PV technologies. This plug & play facility is available for manufacturers to study the performance of PV panels in real environment demonstration.  
As with the above PV Solar Farm, the roof light PV panels are connected back to distribution board DB-PV via inverters. 

4.4	The Fibre Optic Solar Lighting (FOSL)
In addition to the south facing windows in CEREB, three FOSL panels have been installed on the roof of CERB to demonstrate the potential of the system (see Figure 3). Each panel is equipped with an array of lenses on a motorised bed which is controlled by an RS232 controller. 











Figure 3. Solar collectors for fibre optic day
5.0 Lessons Learned Over the Last 3 Years
One of the main lessons learned following the construction of the Building, is the effect of the solar shading and the losses incurred by the existing 10 kWp PV system due to the construction of  the new building (K2) which overshadows the installation from a southerly aspect. The recorded data indicated the average pre K2 output to be in the region of 5500 kWh/annum and 3500 kWh/annum post K2, a gross loss of about 37% on average [2]. Moore also found around 25 % of the losses were due to the K2 and the remaining losses were due to climate variation. 
If these losses were applied to a commercial operation with the addition of feed in tariffs, the current rate of lost production projected over the next 15 years would equate to a financial loss of around £16K NPV and a carbon loss of around 1 tonne CO2/ year. Such potential losses should represent a concern to owners and operators of photovoltaic systems, particularly in urban environments with growing skylines.
The solar thermal data during the academic year 2011/2012 were collated and analysed. It was observed that the K2’s Solar Thermal system generated the largest levels of solar energy during March and April, 2022 kWh & 2339 kWh respectively [3].The favourable weather conditions during the spring season combined with high occupancy leading up to the exam period were thought to be the primary factors for the increase in solar thermal generation. Likewise, the solar thermal energy contribution was lowest during the winter season when the collectors are exposed to less solar hours, colder temperatures and reduced solar intensity which are less favourable conditions for solar thermal generation. During the months of December and January, the solar thermal system collected 165 kWh and 399 kWh, respectively.
The total logged solar thermal contribution to the DHW was found to be 15930 kWh. This is within +/- 10 % of the manufacturer claim for the UK. In conclusion, the one year data for 2011/2012 revealed that as an investment, the technology might not be best suited for academic establishment where a reduced demand during the summer fails to exploit the full potential of the type of system. 
The output of the solar PV arrays on the roof of CEREB was compared to the predicted data with the clearance index factored in [4].The result of the comparison revealed the output of arrays to be close to the predicted energy outputs with the clearance index factored in. Further investigation of the effect into the cause revealed the output of PV array 1 to consistently drop off after 12:00 midday between the months of January to May.  It is believed this is caused by localized shading of the PV array during those times of the year.
The daylight performance of the installed HLS linked to the FOSL was analysed by recording external and internal illuminance lighting levels at the CEREB demonstration room using a light meter over a 7-day monitoring period [5]. It was found that the lighting performance of the FOSL component of HLS was poor, because FOSL relies on direct sunlight only, i.e. no sky light, plus the limitations of the installed diffusers (the installed diffuser of the HLS did not spread the collected daylight sufficiently across the length of the diffuser). 

6.0 Conclusions
Specifically, this paper presented a detailed description of the K2 building, the main design objectives and construction process for CEREB and the K2 building. Some of the special design features for promoting energy efficiency and reducing the carbon emissions of the building are also discussed. 
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